Objective Tolvaptan is a class of diuretics that reduce body water through aquaresis. One of the most prominent characteristics of these agents is that worsening of the renal function is less likely to occur. We investigated the underlying mechanism concerning the change in the intracellular fluid (ICF) when the body fluid is reduced. Methods In this retrospective observational study, five overhydrated chronic kidney disease (CKD) patients with edema or pleural effusion treated with tolvaptan were assessed by the bioelectrical impedance method twice: once before and once after tolvaptan therapy. The changes in the ICF rate were compared with those in 11 hemodialysis patients undergoing body fluid reduction by hemodialysis. Results Removal of the body fluid either by tolvaptan or by hemodialysis increased the post/pre-ratio of ICW/total body water (TBW). Tolvaptan reduced the ICF more efficiently than hemodialysis. Conclusion Tolvaptan treatment lessens body fluid by the efficient reduction of the ICF.
Introduction
Arginine vasopressin is a key regulator of water balance (1, 2) . The reduced serum osmolarity typically found in diluted hyponatremia produces an osmotic gradient that promotes the shift of water from extracellular to intracellular compartments. Although many organ systems can tolerate this water shift by increasing the cell volume, the rigid fixed-volume cranium limits the expansion of the brain. Even mild and chronic hyponatremia is reported to be a major independent risk factor associated with falls, and thus impaired attention and gait instability, which are generally considered to be central nervous system-related symptoms, may therefore be associated with hyponatremia (3) . This may be because hyponatremia is essentially associated with systemic cellular edema, including brain edema (4-6). Therefore, it is important to improve the disturbed distribution of water between the intracellular fluid (ICF) and extracellular fluid (ECF).
To treat cerebral edema, mannitol or hypertonic saline infusion has been used (5) to drive the shift of water from the ICF to ECF. However, mannitol can cause systemic hypotension, decreased cerebral perfusion or acute kidney injury. As a novel therapy, tolvaptan, a vasopressin V2 receptor antagonist, has received focus because it makes an osmotic gradient by removing electrolyte-free water from the vessels via the kidneys (7) . In this way, tolvaptan may restore the water distribution imbalance between the ICF and ECF. However, few reports have so far assessed the effects of tolvaptan on an excessive state of ICF, such as in cases with cellular edema.
To prove our hypothesis, we performed a bioelectrical impedance analysis to estimate the ICF and ECF volumes nonDepartment of Nephrology, Higashiosaka City Medical Center, Japan, Department of Nephrology, National Hospital Organization, Osaka National Hospital, Japan, Division of Nutritional Management, Osaka University Hospital, Japan and Department of Nephrology, Osaka University Graduate School of Medicine, Japan invasively (8, 9) . We investigated whether or not tolvaptan could efficiently reduce the ICF by a bioelectrical impedance method.
Materials and Methods
We performed a retrospective observational study of five overhydrated chronic kidney disease (CKD) patients with edema or pleural effusion who were admitted to Osaka University Hospital. They were treated with sodium-excreting diuretics first, with tolvaptan (7.5 mg/day) added on. In 2 cases, the dose of tolvaptan was increased to 15 mg/day. To investigate the relationship between the ICF and the ECF, we measured the impedance before and after the treatment with tolvaptan using an Inbody 720 (Biospace, Tokyo, Japan). As a control, we also measured the impedance of 11 hemodialysis patients twice. The patient characteristics are summarized in Tables 1 and 2 . We made a two-dimensional plot of the post/pre-ratio of the intracellular water (ICW) to total body water (TBW) against the amount of the body fluid reduced (-ΔBW) and investigated the relationships in both groups. This study was approved by the Osaka University Hospital Ethics Committee.
We used JMP for statistical analysis. P values less than 0.05 were considered statistically significant. To discern difference in the slopes of regression lines, we performed a covariance analysis.
Results
The changes in the clinical parameters by removing body fluid are summarized in Tables 3 and 4 . The removal of body fluid either by tolvaptan or by hemodialysis increased the post/pre-ratio of ICW/TBW and decreased the post/preratio of ECW/TBW (Table 5 ). This indicates that the more the fluid is reduced, the greater the increase in the ICF ratio (Figure) . The change in the ICF ratio is dependent on the amount of reduction in body fluid. Of further note, there was a significant difference in the slopes between tolvaptan and hemodialysis (Figure) . When the same amount of water is reduced, then the increase in the ICF ratio is greater in hemodialysis than in tolvaptan. In short, tolvaptan suppressed the increase in the ICF ratio to a greater degree than hemodialysis when the body fluid was reduced, thus indicating that tolvaptan reduced ICF more efficiently than hemodialysis.
Discussion
We noted a significant difference in the ICF-reducing ability between tolvaptan and hemodialysis. Only a few reports have assessed the change in the ICW/TBW induced by tolvaptan (10) . The bioelectrical impedance method allowed us to evaluate the ICW/TBW quantitatively and showed that tolvaptan was able to reduce the ICF by a greater amount and maintain more fluid in the ECF than hemodialysis. Tolvaptan is a new class of diuretics that enables the excretion of electrolyte-free water from the collecting duct of the kidneys. Through this effect, the serum sodium concentration is slightly upregulated. Because the walls of the vessels are permeable to sodium, when the serum sodium concentration (which equates to the intravessel sodium concentration) is increased, the interstitium sodium concentration is also increased the same amount. This slightly upregulated sodium concentration in the interstitium induces a slight shift in fluid from cells to the interstitium, thereby leading to a decrease in the ICF. This fluid shift from the cells via the interstitium to the vessels and ultimately out of the body via the urine is induced by the electrolyte-free water diuretic properties of tolvaptan. In this way, tolvaptan efficiently reduces the ICF.
The correction of hyponatremia by tolvaptan has been reported to reduce the brain volume and improve cognition in cirrhosis patients (11) , a finding that is supported by our results. In contrast, reducing the body fluid by hemodialysis has been shown to result in a severe increase in the ICW/ TBW, possibly due to the mechanically forced removal of both fluid and solute from vessels, leading to a lower osmolarity in the ECF than in the ICF, which causes fluid to shift to the ICF. This is consistent with the fact that hemodialysis treatment increases the intracranial pressure, the severe form of which manifests as disequilibrium syndrome (12, 13).
In conclusion, tolvaptan treatment decreases the body fluid by the efficient reduction in the ICF.
